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A Study on the Foot Characteristics for the Development of the Last Footwear
for Plus Size Women

Namsoon Kim and Wolhee Do’

Dept. of Clothing and Textiles, Chonnam National University/University Industry Liaision Office of CNU Healthcare Ware R&BD
Center/Research Institute of Human Ecology, Chonnam National University, Gwangju, Korea

Abstract: The purpose of this study was to present basic data for development of shoe last suitable for women of plus
size (BMI 25 kg/m” or higher) by type and to analyze the characteristics of each type of foot type. The results of the study
are as follows. A comparison of the feet of a plus-size woman and a normal-weight woman showed that the feet of a plus-
size woman were thicker and wider in the toes, cheeks and feet than those of a normal-weight woman, while the ankle
area was thicker. As a result of the cluster analysis by type of foot type of plus-size woman, type 1 was classified into
four types, type 1 was 49 (19.5%), type 2 was 43 (17.1%), type 3 was 53 (21.1%), and type 4 was distributed among 106
(42.2%). Type 1 appeared to be a long, low heel, thick foot and wide H-type, and Type 2 appeared to be a D-type with
a low heel and a thinner and narrow foot compared to other types, but with wide outer width of the foot. Type 3 showed
short feet, low heels, narrow feet, but slanted sides, and Type 4 showed type A with long feet, high heels, thick and wide

feet or a combination of toes.
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T ARJNES 2nf Aol ik T Z4s BMIZE S
7¥ghol| wet #ebelar 2 Aleks 3)7F 1A o o9
o} St Hwang et al, 2001; Jelinek & Fox, 2009; Park,
2012). Al Alo]=2E A sk 88 841 o=
Hle} 7 A3} 22 AAAAE 7R o, AFFA S
BMNE F AAA7}
Kim, 2017). B3k oAz} &
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HRE o2 G AT oduTt E Ale]=e] As 2gsh=
Zgko] Q)= (Gravante et al., 2003), ©1Z <la] A¥slA] &
< e AgStewn =3, 75, 9=, ¥ Y 5 o
AL EAs e gt wheb “]“J 319 ol 233k AL
ojz=e] A A& flal o5 e ot FEE AL
esle AL w9 FR3itkal %‘ T AUk

A vl Ae] AFAAE FFKS G 3405)9F Al
(KS M 6681)8] 27kA] F4°02 KSTHAS #+43ka Utk o]
T wZolel HEHE V| RAR A, HAdE
(12~174)2F 24218184 oPhez FE3IAL 9o, Al %]
FAA(KS M 6681)A = FARE-(124] o), SA#MH-(124] ©]
), ool &-(11Al o8t Fi)o=m JHEate] AAISHaL Sltt. o
Asl= o] 205~255 mm7EA] 5 mm 7FAL0 2 1179 wF
M7Zol2 FAFL, HEHUE 197-251 mmZ7EA] 3 mm 7HHL
2 Z%W’S}l RoH, Ak wAo] ¢ Yelre] wEY 7t
2 omm¥ U AXE AoZ FASA YTHKim, 2013).
o7 ofig Aluke 235EZ 7|Fo g Tgolysie] tt
Fek 2] FEEE Aldteted], A BE Xe A A
MR A wdolel] gk XA RE ALk Q7] wEell

ko] |57} ThoFelA] BEEEE 82.6%2] A oJAdo] LF
18- Al Bl AslE AFsh He d9deg 283l 9l
TH(Chun & Choi, 2000).
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Table 1. 3D scanning foot measurement items
1. Foot L. 21. Heel H.
2. Heel-to-toe 1 L. 22. H. of upper point of heel point
3. Heel-to-toe 5 L. 23. Arch H.
4. Heel-to-instep L. 24. Ball C.
5. Heel-to-ankle L. 25. Instep C.
6. Ankle thickness 26. Perpendicular ankle C.
7. Foot breadth 27. Heel-to-instep C.
8. Ball distance 28. Heel-to-ankle C.
9. Heel W. 29. Horizontal ankle C.
10. Ankle W. 30. Sphyrion C.
11. Toe 1 H. 31. Heel-to-tibiale L.
12. Toe 5 H. 32. Heel-to-fibulare L.
13. Ball H. 33. Ball center-to-toe 2 L.
14. Instep H. 34. Ball center-to-toe heel L.
15. Ankle H. 35. Medial ball W.
16. Lateral malleolus H.  36. Lateral ball W.
17. Medial malleolus H.  37. Toe 1 angle
18. Sphyrion fibulare H.  38. Toe 5 angle
19. Sphyrion H. 39. Ball line angle
20. Navicular H. 40. Center line angle

L.: Length, H.: Height, C.: Circumference, W.: Width
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Table 2. Comparison of means according to item for BMI (Unit: mm)
BMI  More than BMI 25 kg/m” (n=251) Less than BMI 25 kg/m” (n = 1,081)
Items v D v D t-value
Foot L. 233.13 10.62 23225 9.52 1.208
Heel-to-toe 1 L. 231.86 10.49 231.08 947 1.080
Heel-to-toe 5 L. 192.21 9.09 191.66 8.27 0.882
Heel-to-instep L. 129.78 7.06 127.02 7.08 5.582""
Heel-to-ankle L. 99.37 6.57 95.95 6.08 7.900""
Ankle thickness 88.20 5.58 85.38 5.62 7.174™
Foot breadth 94.94 4.83 91.83 449 9.763™"
Ball distance 98.09 4.94 94.79 4.58 10.138"
Heel W. 63.88 372 61.24 345 10751
Ankle W. 67.43 443 64.19 3.37 12.865"
Toe 1 H. 22.93 1.99 21.57 1.89 10.148"™
Toe 5 H. 19.59 245 18.31 2.08 7678
Ball H. 35.02 245 33.55 2.29 9,046
Instep H. 54.96 3.89 53.97 4.13 3472
Ankle H. 76.22 533 75.88 6.49 0.882
Lateral malleolus H. 62.22 468 61.54 465 2.061"
Medial malleolus H. 74.74 547 74.29 527 1.212
Sphyrion fibulare H. 46.19 4.55 46.16 4.76 0.071
Sphyrion H. 61.85 6.23 60.91 6.14 2.166"
Navicular H. 38.00 6.71 36.68 6.82 2776
Heel H. 19.99 272 19.36 278 3247
H. of upper point of heel point 51.48 14.35 51.07 14.51 0.403
Arch H. 12.59 9.01 12.73 9.66 —0215
Ball C. 23791 11.00 229.48 10.23 11.078""
Instep C. 233.92 10.57 224.92 9.52 12382
Perpendicular ankle C. 25429 17.25 24552 16.65 7460
Heel-to-instep C. 340.86 18.91 331.52 16.49 7855
Heel-to-ankle C. 311.57 14.57 299.96 13.94 11464
Horizontal ankle C. 242.84 15.03 230.7 13.12 11.798"™
Sphyrion C. 278.66 26.54 266.79 2525 6.646""
Heel-to-tibiale L. 171.35 8.60 170.3 7.49 1782
Heel-to-fibulare L. 149.29 7.88 149.12 7.15 0.302
Ball center-to-toe 2 L. 68.05 5.14 67.93 4.78 0.351
Ball center-to-toe heel L. 160.68 7.78 160.06 6.93 1.146
Medial ball W. 45.16 4.01 43.74 3.76 5354™"
Lateral ball W. 49.89 4.00 48.15 4.04 6.169""
Toe 1 angle 10.35 597 9.77 5.31 1.513
Toe 5 angle 9.71 436 8.53 4.53 3768
Ball line angle 14.13 327 14.04 297 0418
Center line angle 0.52 1.28 0.52 1.25 0.029

"p<05, "p<.01, "p<.001
H.: Height, C.: Circumference, L.: Length, W.: Width

AT BFE FEEE % 3 54E < S YUERSIAL Bzl WS, WS B, W
of Q1o WAIS Xl tiste] EakEAE st Bo] agle] F7F #hs Uehliglen EAhHzo] 291 1|
Duncan test® AFF-778-5 AATSFATH WA e S JeEpdith f¥2e EeS B3] acle]

S & Afolz oo i e FE gl el tigk 2 7P =2 S YERiglen Bap goloh iol= 71
AR AR S AARE A3 BE FRlA frelabh Wi e} ] WelEo], WS, WEEo] 3ol Tt
EPdTH(Table 4). £ 12 24|, W5 2&57] a%lo] = e s eI £33 dEEolt 7P wom



382 g FRIYSRBIR] A2 A3F, 20204

Table 3. Result of the factor analysis of measured feet dimensions of obesity women

Factor

Items Factor score Eigenvalue Variance (%) Accumulative variance (%) Factor character
Foot L. 937
Ball center-to-toe heel L. 937
Heel-to-toe 1 L. 928
Heel-to-tibiale L. .898
Heel-to-toe 5 L. 891 14.387 39.964 39.964 Foot length
Heel-to-fibulare L. .884
Heel-to-instep L. 670
Heel-to-ankle L. .635
Ball center-to-toe 2 L. 591
Horizontal ankle C. 759
Ankle W. .689
Ankle thickness .636
Heel-to-instep C. .621 4.063 11.286 51.251 Instep and ankle size
Heel-to-ankle C. .600
Heel W. .508
Instep C. .500
Sphyrion H. 922
Medial malleolus H. 825
Sphyrion fibulare H. 723 .
A 2.720 7.557 58.807 Malleolus hight
Navicular H. 692
Sphyrion C. -584
Lateral malleolus H. 570
Instep H. 187
Ball H. 722 .
2312 6.423 65.230 Foorfoot hight
Toe 1 H. 558
Toe 5 H. 499
Medial ball W. .874
Center line angle -823 1.783 4.952 70.182 Foot medial size
Toe 1 angle 762
Toe 5 angle 788
Lateral ball W. 780
Foot breadth 623 1.528 4.246 74.427 Foot lateral and ball size
Ball distance 593
Ball C. 476
Instep H. 788 .
. 1.234 3.428 77.856 Ankle hight
Perpendicular ankle C. 672
H.: Height, C.: Circumference, L.: Length, W.: Width
Table 4. The ANOVA results of 4 foot types on 7 factor scores
Factor contents Type 1 (n=49) Type 2 (n=43) Type 3 (n=53) Type 4 (n=106) F-value
Foot length 0.63C -0.03B —0.83A 0.14B 29.630""
Instep and ankle size 0.16C —0.80A —0.35B 0.43C 19.340™
Malleolus hight ~1.00A ~0.04B 0.12B 0.42C 28.825""
Foorfoot hight 0.62B —0.09A ~0.30A ~0.10A 7.256""
Foot medial size ~0.24B ~0.53A 0.03B 031C 12389
Foot lateral and ball size ~0.40B 0.55C ~0.80A 036C 29157
Ankle hight -023B ~0.73A 0.25C 0.27C 17.541"

Fxx

p<.001, Duncan test: A<B<C
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Table 5. The result of ANOVA of measurements according to foot types (Unit : mm)

Type 1 (n=49) Type 2 (n=43) Type 3 (n=53) Type 4 (n=106) F-value

Foot L. 239.47D 230.49B 223.53A 236.07C 33.05

Heel-to-toe 1 L. 238.00C 228.95B 222.77A 234.74C 3069

Heel-to-toe 5 L. 196.80C 190.65B 183.66A 195.00C 3240

Heel-to-instep L. 132.04B 124.65A 125.09A 133.17B 3566

Heel-to-ankle L. 103.24C 97.07B 92.49A 101.94C 51.84™"

Ankle thickness 91.61C 85.72B 83.45A 90.00C 3625

Foot breadth 94.71C 93.12B 90.62A 97.95D 46,09

Ball distance 98.04C 96.12B 93.75A 101.08D 43417

Heel W. 64.92B 61.37A 61.53A 65.59B 30.147

Ankle W. 69.24B 64.65A 64.15A 69.36B 34.88"""

Toe 1 H. 23.65B 22.02A 22.40A 23.23B 778"

Toe 5 H. 20.06B 19.37A 18.77A 19.88B 325"

Ball H. 36.47C 34.19A 34.02A 35.19B 11.90"

Instep H. 55.59 55.40 53.70 55.12 2.58

Ankle H. 73.92A 73.86A 77.64B 77.53B 1028""

Lateral malleolus H. 61.12A 61.53A 61.04A 63.58B 5637

Medial malleolus H. 7231A 74.05A 73.58A 76.73B 9.85""

Sphyrion fibulare H. 43.65A 44.95A 46.30B 47.80C 1199

Sphyrion H. 56.49A 61.79A 61.83B 64.36C 2242

Navicular H. 31.14A 37.56B 39.23B 40.75C 3255

Heel H. 20.14 19.72 19.40 20.32 1.57

H. of upper point of heel point 44.55A 46 44A 53.75B 55.59B 9.88""

Arch H. 8.98A 13.23B 13.26B 13.66B 339"

Ball C. 238.67C 232.58B 228.53A 244.41D 43.08™"

Instep C. 234.22B 227.23A 226.17A 240.38C 4267

Perpendicular ankle C. 255.06BC 243.14A 250.77B 260.21C 12.40™"

Heel-to-instep C. 344.18B 326.77A 32921A 350.87C 3542

Heel-to-ankle C. 315.61B 300.88A 300.58A 319.53B 4528

Horizontal ankle C. 250.20B 234.02A 231.08A 248.90B 36.12"

Sphyrion C. 305.06C 268.95A 263.85A 277.80B 3256

Heel-to-tibiale L. 176.06C 168.77B 164.36A 173.72C 2696

Heel-to-fibulare L. 153.63C 147.60B 142.57A 151.32C 2743

Ball center-to-toe 2 L. 69.65C 67.70B 64.70A 69.12C 12.14™

Ball center-to-toe heel L. 165.31D 159.23B 153.45A 162.74C 3323

Medial ball W. 45.02B 42.00A 44.17B 4701C 2197

Lateral ball W. 49.86B 51.09B 46.57A 51.08B 20.56""

Toe 1 angle 9.96AB 8.41A 9.48AB 11.74B 402"

Toe 5 angle 8.61B 12.55D 632A 10.76C 25.78""

Ball line angle 14.33 13.91 14.47 13.96 041

Center line angle 0.58A 1.40B 0.18A 031A 1005

p<.05, p<.0l,  p<.001, Duncan test: A<B<C<D
H.: Height, C.: Circumference, L.: Length, W.: Width
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